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(57) ABSTRACT

A resin-based casting compound which cures by a chemical
reaction 1s described; 1t 1s suitable 1n particular for insulation
of electric components and it contains an epoxy resin
component (A), a silicone-containing component (B), a filler
(C), by the choice of which the thermal conductivity of the
casting compound 1s adjustable, and a thermal 1nitiator (D).

The casting compound has a thermal conductivity of £2
W/mK.
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THERMALLY CONDUCTIVE CASTING
COMPOUND

FIELD OF THE INVENTION

The present invention relates to a casting compound and
use thereof.

BACKGROUND INFORMATION

Resin-based casting compounds that cure by a chemical
reaction play a major role in the production of industrial
components and assemblies. They are used for insulation
purposes 1n electric and electronic components, among other
things. If such a component heats up during operation,
adequate dissipation of heat must be ensured. If heat is
generated directly 1n the printed conductors of the compo-
nent, casting compounds having a high thermal stability and
a high thermal conductivity are desirable for use for insu-
lation or mechanical fixation.

German Patent No. 41 38 411 describes curable casting
compounds which are used for mechanical fixation and
dissipation of heat for windings of water-cooled generators.
However, the casting compounds described there are two-
component systems having a thermal conductivity of 0.8 to
1.8 W/mK.

In two-component systems, one component 1s an activa-
tor, which 1s mixed with the other component, which con-
tains reactive resins, fillers, etc., and the mixture i1s pro-
cessed 1mmediately. This 1s a disadvantage, because
preparation of the casting compound must be mtegrated into
the processing operation, and 1t 1s 1mpossible to store the
ready-to-use mixture for three to twelve months at room
temperature, for example. Another disadvantage 1s that 1t 1s
technically very diflicult to ensure the occupational safety in
handling the activating component, because the compounds
used as activators, e.g., anhydrnides of carboxylic acids or
amines, are often wrritants or represent a health hazard. For
this reason, there 1s interest 1in the development of casting
compounds 1n the form of single-component systems which
are storable for long periods of time 1n the premixed form.

The object of the present invention 1s to provide a casting,
compound which 1s stable in storage and 1s directly pro-
cessable as a single-component system, having good tlow
properties during processing and a high thermal stability and
thermal conductivity.

SUMMARY OF THE INVENTION

An object of the present invention 1s achieved according
to the present invention by providing a casting compound
which 1s processable as a single-component system and has
a thermal conductivity of 22.0 W/mK through the choice of
the filler. This casting compound is characterized by a low
viscosity and a good capillary action during processing and,
when cured, 1t has such a high thermal conductivity that 1t
1s suitable for dissipation of heat during operation of electric
and/or electronic components. Moreover, when the casting
compound 1s cured, 1t 1s resistant to cracking and has a high
thermal stability.

The casting compound thus has a short curing time and an
advantageous reaction profile, and consequently 1t 1s easily
processable. This 1s due to the choice of a suitable 1nitiator,
which includes a cationic cross-linking agent and a co-
catalyst.

In another especially advantageous embodiment, the cast-
ing compound contains up to 95 wt % of a filler, which
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contains a mixture of material components having a defined
particle size distribution. This ensures a particularly high
thermal conductivity of the casting compound without an
unwanted increase in the viscosity of the casting compound
during processing.

DETAILED DESCRIPTION

Casting compounds according to the present invention
have four basic components, namely an epoxy resin com-
ponent A, a silicone-containing component B, a filler C and
an 1nitiator D. In addition, other components which are
conventionally used 1n generic casting compounds are also
provided, e.g., foam suppressants, sedimentation inhibitors
and adhesion promoters; those skilled in the art are familiar
with the use of these components.

In general, the casting compounds must form a stable
system before and during processing to prevent the compo-
nents from separating. The filler particles should thus form
a stable dispersion with the epoxy resin components, and the
epoxy resin components should 1 turn form stable emul-
sions with one another. This stability must be ensured during,
processing and curing of the casting compounds.

Essentially a variety of monomeric or oligomeric com-
pounds having at least two epoxy functions may be used as
epoxy resin component A, either alone or in mixture with
other compounds with or without an epoxy function. How-
ever, 1t 1s particularly advantageous to use di-, tri- or
tetracpoxides; the commercially available compounds
shown below are given as examples:
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Epoxy resin component A may include one or more of

compounds (I) through (VI) as well as other components.
Ring-epoxidized cycloaliphatic diepoxides such as (I) and

(VI) have proven particularly suitable. Epoxy resin compo-

nent A 1s present 1n the casting compound in the amount of
4 wt % to 25 wt %, preferably 15 wt % to 20 wt %.

Component B, which 1s also contained in the casting
compound, 1s a dispersion or emulsion of one or more
silicones 1n an epoxy resin. The silicones include silicone
o1ls, silicone block copolymers or silicone particles. Silicone
particles 1n the form of silicone resin particles or silicone
clastomer particles having a particle diameter of 10 nm to
100 um are preferably used. The silicone particles may
essentially have a chemically modified surface in the form of
a polymer layer of PMMA, for example (known as core-
shell particles); however, 1t has been found that untreated
and/or surface-functionalized silicone particles are more
suitable for the object of the present invention. Essentially
all compounds having at least two epoxy functions may be
used as the epoxy resin, either alone or in mixture with other
compounds with or without an epoxy function. However, 1t
1s particularly advantageous to use one or more of the
diepoxides (I) through (VI) mentioned above. Silicone-
containing component B contains up to 10 wt % to 80 wt %
silicone, preferably 40 wt %. The casting compound con-
tains 0.5 wt % to 25 wt % silicone-containing component B.

(V)

The casting compound also contains one or more fillers C,
which, properly selected, adjust the thermal conductivity of
the casting compound 1n the fully cured state, their particle
s1ze distribution and the percentage amount in the casting
compound and which are also able to prevent shrinkage of
the casting compound during processing. Suitable filler C
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compounds include mainly silicon carbide and oxides of the
main group elements, such as aluminum oxide or powdered
quartz, either individually or 1n mixture. It has been found to
be particularly suitable to use a mixture of silicon carbide
and aluminum oxide; the particle size of the filler particles
used plays an important role here. Casting compounds
containing silicon carbide having a particle size distribution
d., between 10 um and 600 pum and aluminum oxide having
a particle size distribution d., of 0.1 um to 50 um or 0.1 um
to 10 um have the desired thermal conductivity and cracking
resistance in a particularly pronounced manner. It 1s also
advantageous to use aluminum oxide having two or more
different particle size distributions. The thermal conductivity
of aluminum oxide as such 1s 28 W/mK, that of silicon
carbide 1s 110 to 126 W/mK, and that of powdered quartz 1s
approx. 3.5 W/mK. Filler C 1s present 1n the casting com-
pound 1n the amount of 60 wt % to 95 wt %, preferably 80
wt % to 90 wt %.

The casting compound contains as fourth component D an
initiator which permits a sufliciently rapid reaction at an
clevated temperature. The 1nitiators may be thermal 1nitia-
tors and/or photoinitiators. To ensure that the casting com-
pound 1s processable as a single-component system, a cat-
ionic cross-linking agent was selected as the initiator. It may
be, e.g., a quinolintum, sulfonium, 1odomium or boro-1o0do-
nium compound, which will result 1in cationic polymeriza-
tion of the epoxy resin. The mitiator may also contain a
co-catalyst, which 1s used 1n particular to lower the starting
temperature of the reaction. It may be a free radical-forming
agent such as benzopinacol. The choice of the initiator
determines the course of the curing reaction to a significant
extent. Combining a cationic cross-linking agent with a
co-catalyst results 1n a suitable reaction rate profile, which 1s
characterized by an optimum reaction temperature, which 1s
to be narrowly delimited at which the reaction proceeds
promptly without a sluggish reaction occurring at lower
temperatures such as room temperature, for example. This 1s
also a prerequisite for the single-component system to be
storable at room temperature.

The casting compound 1s processed at an elevated tem-
perature to yield a preform. When appropniately heated, the
casting compound has such a low viscosity and such a high
capillary action that it 1s possible to fill out even unfavorable
geometries such as casting gaps having a diameter of <200
um 1n casting. The viscosity of the casting compound at 50°
C. 1s approx. 50,000 to 160,000 mPas 1n the uncured state.
When cast, the casting compound 1s exposed to a tempera-
ture of 125° C. to 160° C. to induce gelation of the casting
compound. Then the temperature 1s raised to 160° C. to 240°
C. to cure the molding. The gelation and curing times are
from five minutes to six hours, depending on the temperature
selected. The resulting casting compounds have the follow-
ing general profile of properties after curing:

0.5%
160 to 190° C.
15 to 20 - 10° 1/° C.
3to3.5Wm-K
>1 - 1012 Q

linear shrinkage:

glass transition temperature:
thermal expansion coeflicient:
thermal conductivity:
insulation resistance:

Exemplary embodiments of casting compounds and their
compositions and resulting properties in the cured state are
given below as examples.
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Exemplary Parts by Exemplary Parts by
embodiment 1 welght embodiment 2 welght
Resin Cycloaliphatic 88 Cycloaliphatic 81
EP resin EP resin
Modification Emulsion of 12 Emulsion of 19
cycloaliphatic cycloaliphatic
EP resin with EP resin with
elastomer elastomer
silicone silicone
particles particles
Filler 1 S1C dsq = 187 S1C dsq = 235
161 pm 283 um
Filler 2 Al,O; dgg = 210 AlLLO;dso = 193
7 um 7 pum
Filler 3 Al,O; dsg = 70 ALO;dsg = 74
2.6 um 2.6 um

The compositions are given in parts by weight, and the
initiator 1s added 1n very low concentrations of 0.1 to 5 wt
%. The compositions given above yield the following profile
ol properties:

Exemplary Exemplary

embodiment 1 embodiment 2
Viscosity 50° C. 72,000 mPas 150,000 mPas
Glass transition temperature T 170° C. 180° C.
Thermal expansion coeflicient 18 -107%1/°C. 17-107°1/°C.
Thermal conductivity 3.0 W/mK 3.4 W/mK
Insulation resistance 1000 V >190 - 1012 Q >1 - 101 Q

Because of 1ts high thermal conductivity, the casting
compound 1s suitable in particular for applications in which
the electric or electronic component must undergo extreme
heating and cooling during operation. Among other things,
this applies to windings in generators, e.g., for electric
generators 1n automobiles.

What 1s claimed 1s:
1. A resin-based casting compound that cures by a chemi-
cal reaction, comprising;:
an epoxy resin component;
a silicone-containing component;
a filler through which a thermal conductivity of the
casting compound 1s adjustable; and
an 1nitiator, wherein the filler 1s a mixture of at least two
different material components, a first one of the mate-
rial components being silicon carbide, wherein:
the casting compound has a thermal conductivity of
greater than 2 W/mK,
the silicone-containing component 1s a dispersion of
silicone elastomer particles 1n an epoxy resin based
on a diepoxide,
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the 1nitiator includes a cationic cross-linking agent, and

the cationic cross-linking agent includes at least one of
a boro-1odonium compound and a quinolinium com-
pound.

2. A method of using a resin-based casting compound that
cures by a chemical reaction the casting compound 1nclud-
Ing an epoxy resin component, a silicone-containing coms-
ponent, a filler through which a thermal conductivity of the
casting compound 1s adjustable, and an 1nitiator, the filler
being a mixture ol at least two diflerent material compo-
nents, and a first one of the material components being
silicon carbide, the method comprising;

processing the casting compound into a molding;

heating the molding to between 125 and 160 degrees
Celsius;

curing the molding; and

using the casting compound 1n a winding of a generator,
wherein the casting compound has a thermal conduc-
tivity of greater than 2 W/mK.

3. The method as recited 1n claim 2, wherein:

the generator includes an electric generator for a motor
vehicle.

4. The casting compound as recited 1n claim 1, wherein:

the silicon carbide has a particle size distribution d30 of
10 um.

5. The casting compound as recited 1n claim 1, wherein:

an oxide of a main group element 1s used as another one
of the material components.

6. The casting compound as recited 1n claim S, wherein:

the oxide of the main group element 1s aluminum oxide
having a particle size distribution d 50 of 0.1-100 um.

7. The casting compound as recited in claim 1, wherein:

the filler 1s present 1n the casting compound 1n the amount
of 60 to 95 wt%.

8. The casting compound as recited 1n claim 1, wherein:

the epoxy resin component 1s an epoxy resin based on one
of a diepoxide and a triepoxide.

9. The casting compound as recited 1n claim 1, wherein:

the epoxy resin component 1s an epoxy resin based on a
cycloaliphatic diepoxide.

10. The casting compound as recited 1n claim 1, wherein:

the silicone-containing component 1s a dispersion of sili-
cone elastomer particles 1n an epoxy resin based on a
diepoxide.

11. The casting compound as recited in claim 10, wherein:

the silicone elastomer particles have a particle diameter of
10 nm to 100 um.

12. The casting compound as recited 1in claim 10, wherein:

the mitiator includes a cationic cross-linking agent.
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